Landscape Peformance Benefits
• Expected to reduce traffic accidents by 85% due to dropping traffic speed from 42 mph to 25 mph (projected), resulting in an expected $3 million annual savings to the City. The probability of pedestrian fatality upon vehicular impact dropped from 100% to 25%.
• Projected to reduce vehicle emissions by 50% as a result of reducing delay and improving signal timing.
• Projected to reduce the peak temperature in the street environment by 7.8 degrees through high-albedo materials, increasing planted areas and increasing tree canopy coverage. This would result in savings of 7-14% in electric demands.
• Projected to sequester an additional 51,000 pounds carbon dioxide and to capture an additional 500,000 gallons of stormwater per year by replacing the existing Honey Locust with Homestead Elm and Sycamore. The native species also reduce the fertilizer pollution and Nonpoint Source Pollution from runoff.
• Projected to increase revenue by 19% over a 10-year period, ultimately increasing entrepreneurial investment and employment.
• Dropped the noise level from an average of 68dB to below 60dB as a result of the reduced traffic speed. The current noise levels fall within the range that allows a comfortable conversation. The design thus enhances the sidewalk environment and promotes restaurant business.
• Increased annual tax revenue more than 14% in the first year after redevelopment.
• Enhanced street aesthetics and increased people's satisfaction. 81% of the participants feel that the visual appearance of South Grand will be good or very good after the project is fully constructed; a 268% increase compared to the survey results prior to the construction.
Overview
Culturally-diverse South Grand Boulevard is a historic district of St. Louis noted for its multitude of international restaurants. It is a growing commercial and residential area selected as one of four Great Streets Initiative pilot projects in the St. Louis region in 2009, demonstrating the character of the local neighborhood. The project, which was scrutinized by local government officials, brings people together and strengthens transit, walkability, recreation, and sustainability, while promoting a safe street environment. South Grand Boulevard applies innovative green solutions to reduce stormwater loading at moderate cost and in a manner that provides additional environmental benefits.
Sustainable Features
• Reduced road width and bulb-outs at intersections shorten crosswalk distances from 56' to 37'. This design reduces traffic speed and improves pedestrian and driver safety.
• Tactile crosswalk striping, accessible ramps, visual and audio cues, and detectable warnings and signalization improve ADA accessibility on site. The project now meets federal requirements for accessibility along the corridor at 100% of the intersections. ADA accessibility was of special concern because of the project's close proximity to the Missouri Schools for the Deaf and Blind. This study area is used by these students to familiarize themselves with urban environments.
• Recycled and reused 100% of the materials removed during construction, reducing landfill waste. The recycled concrete, bricks and asphalt were used for sub bases and trenching fill. This redevelopment project reused the good, existing subsoils, site furnishings, granite curbing, and bricks onsite.
• Sidewalk width was increased from 6.5 feet to 15 feet. This led to an increase of around 1,000 square feet of outdoor dining space. Seating was increased from 0 to 337 seats, providing gathering and social spaces infused with energy, encouraging people to spend more time in the project area. There was a significant amount of street dining prior to the project. However, it directly interfered with the travel path on the sidewalk. When the sidewalk is wider, the pedestrian realm is organized to create an intuitive travel path separate from the dining spaces. Last, there is also room for the significantly larger tree wells.
• Pervious surfaces were used in sidewalks. This project is one of the first that implemented porous paving materials in St. Louis, which is under court order to improve the City's combined sewer system.
• In Phase 2 of the project, rain gardens will be placed at all intersection bulb-outs and tree pits containing native perennials and forbs which infiltrate and filter stormwater, reduce water usage, and improve stormwater quality by eliminating fertilizer use.
• Soil volume for each tree was increased from 100 to 1,000 cubic feet, enhancing tree growth, health conditions, and longevity.
• The project uses 100% planting materials that are native to Missouri and locally available. Designed with seasonal interest, the added vegetation is expected to increase the populations of birds and butterflies. In addition, these plants conserve water and are durable to withstand the harsh street conditions.
Challenge
The design team was crunched for time, with only four months to gain community approval and produce the construction documents to prevent losing funding for the project. With a multicultural population, it was important to produce a space to accommodate their needs as well as those of business owners, commuters, pedestrians and residents.
Solution
In order to streamline the approval process, online surveys, keypad polling, and special interest meetings were utilized to enable the public to voice their concerns and ensure endorsement of the project. Within these surveys, nine options were presented for consideration. A pilot test was performed of the selected street configuration that guaranteed expected results would take place and give the public verification that their concerns would be met. A hotline was set up so that commuters unable to attend community meetings could voice their concerns by leaving a message. In this way, major decisions were placed in the community's hands.
Cost Comparison
• The project is predicted to achieve a total annual tree benefit of approximately $8,911 compared to the current tree benefit of $3,921 by switching from the existing Honey Locust to Homestead Elm and Sycamore.
Lessons Learned
• With nine street alternatives, it was essential to evaluate the proposed project based on the objectives identified by the users. Since no alternative was 100% perfect, tradeoffs had to be made to satisfy the issues of highest priority identified in a poll of the involved parties, including the pedestrian realm, economic development, and visual appearance.
• Some city officials opposed many elements of the proposed design--narrowing the road, rain gardens, smart parking meters, smart street lighting (tied to a computer that monitors the condition of the lights), and porous pavement. A stronger case must be made to officials who have the power to determine the future of projects.
• The design team was not contracted to oversee the project construction, and thus several aspects of their design were changed without their consultation. It is imperative for the design team to be engaged during construction for successful implementation of original design intent. Speed is an aggravating factor in the severity of all crashes. On average, each 1 mph reduction in speed may reduce accident frequency by 5% (Taylor, 2000) . The relationship between speed and the outcome of a crash is directly related to the kinetic energy that is released during a collision (E=1/2mv
Project Team
2 ). The more kinetic energy absorbed in a collision, the greater the potential for injury to vehicle occupants and pedestrians hit by the vehicle.
In this project, traffic speeds are expected to reduce from an average of 42mph (68 km/h) to 25mph (40 km/h). Therefore,  the reduction in accidents would be: (42 mph  25 mph) × 5%/1mph = 85%  40% decrease in speed can result in a 65% reduction in the kinetic energy of a vehicle. Calculations are shown below: o 25 mph ÷ 42 mph = 0.6 (60%) (1983) analyzed the relationship between the impact speed and the potential pedestrian injury severity. The probability for survival for a given Injury Severity Score (ISS) was estimated from 952 cases (Interdisciplinary Working Group for Accident Mechanics, 1986). The data were combined to relate the probability of death to impact speed ( Figure. According to the National Highway Traffic Safety Administration (2000) and adjusted to 2010 dollars, the minimum cost of a crash is about $44,000. This includes costs typically absorbed by local governments (police department, emergency services, property damage). The median total cost is about $319,000. This estimate includes quantified economic impact into perspective with the emotional impact that affects the lives of crash victims and their families. On average, 90 accidents occur annually along this section of South Grand Boulevard from 2004 to 2009. Therefore, the average accident cost ranges from $3,960,000 to $28,710,000 per year.
Based on the above analysis, accidents will be reduced by 85% compared to the existing condition. Taking 90 crashes per year and multiplying by 85% yields 76 fewer crashes. This would generate a savings of between $3 million to $24 million per year.
 $44,000  (90  85%) = $3,300,000  $319,000  (90  85%) = $24,400,000
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2) Projected to reduce vehicle emissions by 50% as a result of reducing delay and improving signal timing.
Several studies indicate that effective signal timing and coordination plan can reduce on-road emissions. The Institute of Transportation Engineers (2009) showed that improved traffic signal timing can reduce fuel consumption by 10% and reduce harmful emissions up to 22%.
In the South Grand project, the transportation engineers utilized the program SimTraffic to calculate the current and future emission rates (based on the proposed 3-lane design model).
The study results show that under similar speed levels, vehicles travelling on the 4-lane configuration produce greater harmful emissions and use more fuel than the 3-lane configuration. This is because the poor signalization timing at traffic signals in the 4-lane configuration causes traffic congestions and longer delays.
The estimated emission rates were determined in the SimTraffic program and presented in Table 1 . 3) Projected to reduce the peak temperature in the street environment by 7.8 degrees through high-albedo materials, increasing planted areas and increasing tree canopy coverage. This would result in a saving of 7-14% in electric demands.
Surface materials largely affect surface temperatures and thus the surrounding air temperatures. Measurements taken on South Grand in early September are shown in Figure 2 , demonstrating that asphalt has the highest peak temperature (122 degree), while grass has the lowest temperature (75 degree).
Page | 4 The project increases vegetative cover and uses high-albedo (reflective) surface materials to reduce the impacts of the urban heat island (UHI) effect. White concrete porous paving is used on site to minimize heat storage and absorption. The average air temperature in the street is projected to be reduced by 7.8 degrees Fahrenheit as a result of replacing asphalt with high-albedo pervious concrete. Moreover, increasing planted areas and tree canopy coverage also contribute to the UHI effect reduction. 
Carbon dioxide (CO 2 ) Sequestration
Urban trees can reduce atmospheric carbon dioxide (CO 2 ) in two ways: directly through sequestration of CO 2 and indirectly through lowering the demand for heating and air conditioning, thereby reducing emissions associated with electric power and natural gas. Accounting for CO 2 emissions from tree decomposition and tree-related maintenance activity, the reduced atmospheric CO 2 by street trees in St. Louis are shown as follows (data from online National Tree Benefit Calculator): This analysis is conducted by Design Workshop (Table 2) . The study site is at the hub of St. Louis International Community. Seven restaurants are located along South Grand in this six-block section. Through widening the sidewalks, more room was made for outdoor dining. It is important to create a comfortable and quiet environment that allows people to communicate easily. The goal of this project is to recreate an attractive pedestrian and outdoor dining environment which in turn will lead to increased revenue for the business owners. Therefore reducing the noise level to an acceptable range will not only enhance human comfort, but also stimulate economic outcomes.
Before this design, the noise level in South Grand is about 68 dB and will be further increased to over 77 dB because of trucks and buses. This project is designed to reduce traffic speed from 42 mph to 25 mph. This results in a reduction of noise level from 68 dB to below 60 dB in normal traffic conditions (Figure 3) . From a study conducted by Purdue University (Table 3) , 60 dB provides a quiet and comfortable environment for conversation.
Page | 7 The Community Improvement District tracked the sales tax revenues and indicated that there is a 14% increase in tax revenues in the first year after project construction. This rate is even 2% higher than the original projection by Design Workshop. 8) Enhanced street aesthetics and increased people's satisfaction. 81% of the participants feel that the visual appearance of South Grand will be good or very good after the project is fully constructed; a 268% increase compared to the survey results prior to the construction.
The project integrates art into the designed elements of the streetscape. To ensure the aesthetic quality, the project dedicates 1% of the construction budget to promote art. From the public survey results, more than 80% of the people surveyed like the new appearance of the proposed South Grand. This is a 268% increase compared to people's reflection on the existing South Grand.
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Cost Comparison
The project is predicted to achieve a total annual tree benefit of approximately $8,911 compared to the current tree benefit of $3,921 by switching from the existing Honey Locust to Homestead Elm and Sycamore.
According to the City of St. Louis, MO, Street Tree Resource Analysis (completed in March, 2009 by Davey Resource Group), the total annual benefits of the existing Honey Locust trees were about $55 per tree. The proposed Homestead Elm and Sycamore trees at mature sizes will provide an annual benefit of about $105 and $79 per tree, respectively (National Tree Benefit Online Calculation).
Measured from the CAD map, there are 71 Honey Locust trees on site. These Honey Locust trees were replaced by 48 Homestead Elm and 49 Sycamore. The total benefits were calculated as follows.
 Annual benefits from the existing trees: $55.22 × 71 = $3920.62  Annual benefits from the tree replacements: $105× 48 + $79  49 = $8911
